Data tables in the form of spreadsheets or delimited text files are the most utilised data format in Systems Biology. However, they are often not sufficiently structured and lack clear naming conventions that would be required for modelling. We propose the SBtab format as an attempt to establish an easy-to-use table format that is both flexible and clearly structured. It comprises defined table types for different kinds of data; syntax rules for usage of names, shortnames, and database identifiers used for annotation; and standardised formulae for reaction stoichiometries. Predefined table types can be used to define biochemical network models and the biochemical constants therein. The user can also define own table types, adjusting SBtab to other types of data. Software code, tools, and further information can be found at www.sbtab.net.
They start with the ! character, emphasising that they were not chosen ad hoc by the user, but stem from a controlled vocabulary. The predefined column headers do not contain whitespaces. The header KEGG ID has been replaced by the term !Identifiers:kegg.reaction. This may look complicated, but it allows parsers to retrieve further data from databases in a database in a stable way 1 The syntax of the reaction formulae is also uniquely defined. In particular, the shortnames of metabolites must not contain any whitespaces or special characters, which simplifies parsing and makes them suitable as variable names for computer models. The meaning of these shortnames can be defined by providing standardised names or database identifiers in a second Here, we have added new identifiers (in the columns SBML:reaction:id and SBML:species:id) for
Reaction and Compound entries to be used in SBML. Such extra names could be necessary if the original shortnames do not comply with SBML's rules for element identifiers.
Example 2: Kinetic constants In a second example, we specify numerical parameters, for example kinetic constants and metabolite concentrations that appear in a kinetic model. Each quantity can be related to a compound (e.g. a concentration), to a reaction (e.g. an equilibrium constant), or to several biological elements (e.g. to an enzyme and a compound, in the case of Michaelis-Menten constants). As in the previous example, these elements can be specified by unique identifiers, e.g. KEGG compound or reaction identifiers. Furthermore, each quantity has a value and a physical unit. In the SBtab format, we arrange this information in a Table 1 ; An overview of all predefined table types and their possible columns is given in the appendix).
3. A syntax for biochemical element annotations pointing to databases or ontologies.
4. Rules for usage of names, shortnames, and database identifiers used for annotation.
5. Naming rules for biochemical quantities to specify the quantities, physical units, and mathematical terms (like Mean for mean values).
6. A syntax for reaction sum formulae.
7.
A mechanism for extending the format by declaring new column or table types.
While the general rules apply to all kinds of data, the current version of SBtab is tailored for describing the structure of biochemical network models and the biochemical quantities therein. This is reflected by the 
SBtab tables and SBtab documents
General form of tables An SBtab document consists of several tables that refer to a common model or related data sets.
• All tables must use a common list of shortnames. For instance, a Compound table contains the column !Compound, and the elements from this column define compound shortnames to be used in the other tables.
• Several tables in a document may have the same type, but their table names (attribute TableName) must be unique.
• If a document is stored in a spreadsheet file, the sheets should be called like the • In character-separated files, irrespective of the extension (.csv or .tsv), it is assumed by default that the delimiters are tabulators. If other delimiters are used (comma or semicolon), this needs to be declared.
• If Table 15 ). The Unit attribute can set a standard unit to be used in the table.
Column headers and definition 
Names of biochemical elements
Names and identifiers of model elements In the following, compounds, enzymes, genes, genetic regulators, and compartments will be called "biochemical entities". "Biochemical elements" comprises, in addition, reactions and biochemical quantities. Biochemical elements can be described by shortnames, official names, or database identifiers (IDs). The shortnames have to be declared within the SBtab document and have to satisfy syntactic rules. Each table starts with a column of the same name, containing the shortnames. Shortnames, the arbitrary element names used in a data set or model, must be unique, i.e. declared only once in a document; they must start with a letter or number and may not contain spaces or the special characters ":", ".". In columns containing database IDs, the column name (!Identifiers:Identifiers) specifies the database by a name (to be used in column names, IDs etc.) and an URI. We suggest to use preferably the databases listed in the Miriam file (see Table 16 ). Sometimes, elements may be characterised redundantly: e.g. the reaction catalysed by an enzyme, given in an Enzyme table, can be given by both shortname and database ID. In case of conflict, the information derived from the shortname (i.e. the database ID listed in the Reaction table) has higher priority.
Naming and specification of biological entities Tables of the types Compound, Enzyme, Gene, Regulator, or Compartment are called "entity tables". The biochemical meaning of the entities can be declared by different columns:
• !Name contains official names (it is good practice to use names from the suggested databases). Several names can be listed in one field, separated by "|". To declare from which database a name has been taken, the name can also be written as DB:name.
• !Identifiers:Identifiers contains IDs from a specified database. Annotations with database IDs follow the scheme defined by Identifiers.org (data collection and ID). 
Localised compounds

Annotating biochemical elements with database identifiers
Biochemical elements are annotated with database IDs listed in special identifier columns. An Identifiers column contains annotations from one web resource, at most one annotation per element, and without qualifiers. The column item and the referenced ID are assumed to be linked by an "is" relationship (and not, for instance, "version of", which can exist in SBML annotations 
Syntax for reaction formulae
Chemical reactions can be described by reaction formulae (column !SumFormula in table Reaction; specifying the reactants, their stoichiometric coefficients, and possibly their localisation). The reaction arrow is denoted by <=>. Stoichiometric coefficients refer to substance amounts, not concentrations (this matters in the case of transport reactions). Stoichiometric coefficients of 1 are omitted; general stoichiometric coefficients, given by letters (e.g. n) are not allowed. If possible, the reaction formula should represent the actual stoichiometries experienced by the enzyme (i.e. A <=> 2 B rather than 0.5 A <=> B). Substrates and products are given by shortnames, which must be defined in a Compound table. The order of substrates and the order of products are arbitrary; however, comparison of formulae is eased by using an alphabetical order. The localisation in compartments can be denoted as follows:
• Reaction in the default compartment: A + 2 B <=> C + D
• Transport reaction:
In the example, A, B, C, and D are compound shortnames, and comp1 and comp2 are compartment shortnames. The reversibility of reactions is not given by the sum formula, but by an extra column !IsReversible in the Reaction • Reactions A Reaction table lists chemical reactions, possibly with information about the corresponding enzymes, their kinetic laws, and their genetic regulation. It must contain at least one of the following columns: !SumFormula, !Identifiers:DB; optional columns are listed in Table 11 . For an example, see example 1 in the introduction.
• Enzymes, genes, and regulators The connection between chemical reactions, the enzymes catalysing the reactions, and the genes coding for the enzymes can be complicated, but in many cases, there is a one-to-one relationship. In SBtab, there are different ways to express this relationship. Information about enzymes or genes and their regulation can be stored in a Reaction 
Tables for biochemical quantities
Numerical data (e.g. for time series or kinetic parameters) can be stored in tables and be linked to model elements via the latters' shortnames. There are two different This can be done for all measurement quantities defined in the SBO. As a header name, the quantity name (as defined in the Systems Biology Ontology) must be preceded by !SBO: (e.g. !SBO:equilibrium constant). The unit can also be added directly in square brackets, and mathematical quantities and scales (see Table 15 correspond to modifier elements in SBML; multiple regulators can be described by a regulation formula (in the Regulator column): regulators are separated by a "|" symbol, while the sign of regulation can be denoted by + or -. For an enzyme allosterically inhibited by ATP and activated by ADP, the formula reads -ATP|+Pyruvate or ATP|ADP where inhibition and activition remain unspecified. Rules and events in SBML are currently not supported and will not be extracted from a given SBML model. Annotations are partially extracted (currently at most one annotation per SBML element).
The entries of Quantity tables can be inserted into SBML models or be extracted from them. By default, SBtab quantities referring to a reaction will become local reaction parameters in SBML, while other quantities become global parameters. The element of the !Quantity column will be used as SBML element ID unless it is overridden by the (optional) column !SBML:parameter:id (for global parameters) or !SBML:reaction:parameter:id (for local reaction parameters). Naming conventions for kinetic constants are given in [6] , supplementary material Table A.5. Quantities that describe initial species amounts, initial species concentrations, or compartment sizes will be translated into the corresponding element attributes.
Summary of SBtab rules
SBtab implements the following conventions.
• Shortnames Model elements (e.g. compounds) are referred to by shortnames, which are defined in the corresponding • Order of columns The allowed column types depend on the table type, but their order is arbitrary. The only exception is the first column, which contains the shortnames (acting as keys for this table) and whose name corresponds to the table type. However, it is good practice to sort the columns by importance and to arrange related columns next to each other.
• ASCII Characters The table fields contain only plain text. The format is case-sensitive, but the choice of fonts (bold, italic) does not play a role. Double quotes should not be used.
• Table types and column names Table types and their possible columns are defined in appendix A. Column names may not contain any special characters or white spaces (parsers should ignore these characters).
• Comment lines Table lines starting with a "%" character contain comments and are ignored during parsing.
• Comments and references Additional information about table elements can be stored in the optional columns !Comment, !Reference, !ReferencePubMed, and !ReferenceDOI, which can appear in all tables.
• Unrecognised table or columns Columns with unknown headers (not starting with !), or unrecognised header starting with ! may appear in SBtab tables. They can be used, but are not supported by the parser. The use of undefined columns is inadviseable.
• Declaration line The first line, starting with !!SBtab must declare at least the attributes: TableType, TableName, and possibly the properties Version (for versions of the table), SBtabVersion (for SBtab version used), and Document. The entries can be separated by whitespaces or be given in separate fields.
• Identifiers Identifiers for compounds, compartments etc. can be specified in columns with a header "ElementType:Identifiers:DB").
• Missing elements If an element is missing, the table field is left empty. Missing numerical values can also be indicated by non-numerical elements like ? or na (for "not available"). Mandatory fields must not be empty.
• Formulae Reaction sum formulae must be written in a special format explained below.
• Reserved names In the SBtab format, there are reserved names for (i) table types (marked by colours in this text); (ii) column names; (iii) types of biological elements (see Table 17 ); and (iv) types of biochemical quantities or mathematical terms (e.g. Mean) for them (see Table 18 ), and physical units.
• Physical units In SBtab, it is recommended to use the units listed in the SBML specification (see sbml.org/Documents/Specifications) 3 . As good practice, derived units (e.g. kJ/mol) and reciprocal units (e.g. 1/s) should be given in the simplest possible form, in necessary using multiplication, division, exponentials, and round brackets (e.g. gram/m^3).
SBtab online tools
To simplify the usage of SBtab, we provide several online tools at www.sbtab.net. (d) It is checked whether the file contains data besides the declaration line and the header line.
Furthermore, if there are empty data rows, a warning is issued. Every data row should have the same length (number of columns).
(e) The row fields are checked whether their content has the correct data format referring to the SBtab definition file. The unique identifiers in the first column must not begin with '+' or '-'.
It is good practise to use no special characters in the row identifiers (in the first column) aside from the underscore ' '.
2. An online parser for SBtab. The SBtab parser uses the python package tablib to import the SBtab file. The parser itself provides different functions for editing the data and for using them in Python directly:
(a) Extracting table information (type, name, etc.) from the table.
(b) Addition of rows and columns to the SBtab table.
(c) Editing and export of the table content in rows, columns, and single entries. An export as a Python dictionary is also possible, to ensure easy access to the data for python programmers.
(d) Switching of columns and rows in the table (matrix transposition). As some data are stored conveniently in transposed spreadsheets, some tables need to be transposed to have better access to its content.
3. Online conversion tool of SBtab to and from SBML The online conversion tool can create valid SBtab files from SBML models and vice versa. For the conversion from SBtab to SBML it has to be assured that at least an SBtab file of the table type Reaction is provided, since Reaction SBtabs contain the crucially required structure for an SBML model. As additional information, the following SBtab table types can be used for the conversion to SBML: Compound, Compartment, and Quantity. Biochemical annotations that are contained in the SBtab files correctly will be attached to the corresponding SBML elements. All information comprised in the aforementioned table formats can be converted to the SBML structure, as long as they are adhering to the correct SBtab syntax. Therefore, it is recommended to validate the SBtab files with the online validator before recruiting them for a conversion to SBML. in this regard will be transferred to the SBtab file as well. All SBtab files can be displayed online as HTML tables. If annotations are correctly provided, they will link to the online database by a mouse click. The SBML models that can be used as input and will be produced as output models follow the terms and conditions of SBML Level 2, Version 4.
A Overview of table types
A.1 Document and table attributes 
